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Abstract 



PR0BLEI\/1 TO BE SOLVED: To prevent the formation of pinholes and improve the reliability of a plated 
layer in the case of forming a thin metallized layer or plated layer on the surface of a sintered aluminum 
nitride. * 

SOLUTION: This aluminum nitride substrate 1 is produced by applying a metallized layer 3 on the 
surface of an insulating substrate 2 made of a sintered aluminum nitride composed mainly of aluminum 
nitride. The total amount of sulfur and calcium in the sintered aluminum nitride 2 is controlled to 
<=250ppm. 
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[Title of the Invention] 

ALmUNUM NITRIDE-BASED SUBSTRATE 



[Abstract] 

[Object] To solve a problem in that a metallized layer is deteriorated owing 
to pin hole formation at the time of formation of a thin metallized layer or a 
thin plating layer on the surface of an aluminum nitride-based sintered 
body. 

[Solving means] In an aluminum nitride-based substrate 1 comprising an 
insulating substrate 2 of an aluminum nitride-based sintered body mainly 
containing aluminum nitride, and a metallized layer 3 disposed on the 
surface of the insvJating substrate 2, the content of sulfur and calcium in 
the aluminum nitride-based sintered body 2 is suppressed to 250 ppm or 
less in total. 
[Claims] 

1. An aluminum nitride-based substrate comprising* an insidating 
substrate of an aluminum nitride-based sintered body mainly containing 
aluminum nitride; and a metallized layer disposed on at least the surface of 
the insulating substrate, wherein the content of suifor and calcium in the 
aluminum nitride-based sintered body is suppressed to 250 ppm or less in 
total. 

2. The aluminum nitride-based substrate according to claim 1, 
wherein the content of sulfur and the content of calcium in the aluminum 
nitride-based sintered body are 60 ppm or less and 180 ppm or less, 



respectively. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to an aluminum nitride-based 
substrate with a metallized layer which is preferably used for a circuit 
substrate and the like. 
[0002] 
[Prior Art] 

Conventionally, an aluminum nitride-based sintered body has 
drawn attention as a ceramic material remarkably excellent in the thermal 
conductivity as compared with ceramic materials such as alumina, zirconia 
and the Uke and has been employed as a substrate material for a circuit 
substrate and a package for housing semiconductor elements to efficiently 
remove heat generation from the semiconductor elements. 
[0003] 

As such an aluminum nitride-based sintered body, since aluminum 
nitride itself is hard to be sintered, sintering methods by adding compounds 
of Group IIIA elements such as Y2O3 and alkaline earth compounds such as 
CaO are proposed in Japanese Unexamined Patent Publication No. 
60-71575, Japanese Examined Patent Publication No. 58-49510 and 
Japanese Unexamined Patent Publication No. 61-117160. 
[0004] 

Further, since the above-mentioned sintering aid components to be 
added to an aluminum nitride-based sintered body become causes of 



thermal conduction deterioration when they remain in a final sintered body, 
in order to achieve high thermal conductivity, high purity aluminum nitride 
sintered bodies from which these aid components are removed by 
evaporation have been proposed in Japanese Unexamined Patent 
Pubhcation Nos. 62-41767 and 63-277569. 
[0005] 

Further, in order to produce a circuit substrate and the like using an 
aluminum nitride-based sintered body, for example, it has been known that 
there is a method for producing a cixcuit substrate from an aluminum 
nitride-based substrate by applying a paste containing a high melting point 
metal such as W, Mo and the like in a wiring pattern to the sxirface of an 
aluminum nitride-based green sheet and then simultaneously firing a 
metallized layer and an insvilating substrate at 1600 to 1900°C. In 
addition, the surface of a metallized layer formed on the surface of a 
substrate is plated with Ni, Au or the Like for welding metal fittings such as 
lead pins. 
[0006] 

[Problems to be Solved by the Invention] 

With the tendency of high densification and miniaturization of a 
circuit substrate, a metallized layer tends to be made thin. Therefore, in 
order to produce a highly densified circuit substrate, in the case where a 
metallization paste is appHed to an aluminum nitride -based green sheet and 
simultaneous firing is carried out, there arises a problem that pin holes are 
formed in the resulting metallized layer. 
[0007] 



The formation of such pin holes deteriorates the reHability of a 
circuit, which tends to be made thin in a wiring film and highly densified, 
and thus leads to a serious problem. Moreover, in the case of formation of a 
plating layer on the surface of a metallized layer, there arises a problem ^ 
that no plating layer is formed on the points of pin holes. 
[0008] 

[Means for Solving Problems] 

The present inventors have made investigations into such 
phenomena and, consequently, found that black precipitates exist in the 
surface of the pin hole-formed points of an aluminum nitride-based sintered 
body; the precipitates are compounds of mainly calcium and sulfur; pin 
holes axe formed owing to the extremely inferior wettability to 
metallization; and plating is therefore not carried out at such points. 
[0009] 

Consequently, the present inventors have accompHshed the present 
invention on the basis of findings that black precipitates can be removed 
and pin hole formation can be suppressed by using an aluminum nitride 
powder with suppressed contents of sulfur (S) and calcium (Ca) for sintering 
and subsequently decreasing the sulfur amount and the calcium amount in 
a final sintered body within specified ranges. 
[0010] 

That is, the present invention provides an aluminum nitride-based 
substrate comprising' a substrate of an aluminum nitride-based sintered 
body of mainly aluminum nitride; and a metallized layer formed at least on 
the surface of the substrate, wherein the content of sulfur and calcium in 



the aluminum nitride-based sintered body is suppressed to 250 ppm or less. 
[0011] 

[Operations] 

According to the present invention, with respect to an aluminum 
nitride-based substrate comprising a metallized layer, the content of sulfur 
and the content of calcium in the aluminum nitride-based sintered body 
forming an insulating substrate are suppressed to 250 ppm or less in total, 
so that precipitation of compounds containing sxilfur and calcium can be 
suppressed. 
[0012] 

In the aluminum nitride-based sintered body, sulfur and calcium are 
inevitable elements and existence of these elements cannot be completely 
avoided. Precipitation of compounds of sulfur and calcium cannot be solved 
by decreasing either one of calcium and sulfur and it is important to 
decrease both of calcium and sulfur. Especially, the content of sulfur and 
the content of calcium are preferably suppressed to 250 ppm or less in total 
and, more particularly, the content of sulfur and the content of calcium are 
preferably suppressed to 60 ppm or less and 180 ppm or less, respectively. 
[0013] 

Further, almost all of sxilfur and calcium are contained as inevitable 
components in an aluminum nitride raw material powder and, in order to 
suppress their contents, use of a high purity aluminum nitride raw material 
powder with suppressed sulfur and calcium contents as an aluminum 
nitride raw material powder makes it possible to suppress the content of 
sulfur and the content of calcium in a sintered body. 



[0014] 

Accordingly, pin hole formation in a metallized layer and a plating 
layer can be suppressed and, consequently, even in the case where the 
metallized layer has a thin thickness, a highly rehably wiring layer can be 
formed. 
[0015] 

[Embodiments of the Invention] 

An aluminum nitride-based substrate 1 of the present invention 
comprises an instdating substrate 2 of an aluminum nitride-based sintered 
body, and metallized layers 3 formed on the surface of and inside the 
substrate 1. In some cases, the surfaces of the metallized layers 3 may be 
plated with plating layers. 
[0016] 

The aluminum nitride-based sintered body to be used as an 
insulating substrate in the present invention is a high density sintered body 
having a relative density of 98% or more and obtained by forming an 
aluminum nitride raw material powder, which is mixed with, as materials 
known as sintering aids, for example, 0.1 to 20% by weight of oxides, 
fluorides, carbides, borides, or nitrides of Group IIIA elements such as Y, Er, 
Yb, Ho, Lu, La and Dy and oxides, fluorides, carbides, borides, or nitrides of 
alkaUne earth metals, by a die press, a cold isostatic press, extrusion 
molding means and the hke into an optional shape and then firing the 
formed body at 1600 to. 2000°C in a nitrogen containing atmosphere. Such a 
sintered body may contain, as coloration components, oxycarbides, nitrides 
and the like of Group IVA, VA, VIA and VIII such as Ti, Nb, V, Ta, W, Mo, Co, 



Ni, Fe and the like in a ratio of 10% by weight or less. 
[0017] 

Also in the case of adding such addition components, it is natviral to 
control the contamination of sulfur and calcium derived from these addition 
components to be in the above-mentioned ranges in the entire body of the 
resulting sintered body. 
[0018] 

According to the present invention, it is important that the content of 
sulfur and calcium in the aluminum nitride-based sintered body is 250 ppm 
or less, preferably 200 ppin or less, more preferably 150 ppm or less in total. 
That is because when the content of sulfur and calcium exceeds. 250 ppra in 
total, black dots-like compounds of mainly, calcium and sulfur precipitate in 
the surface of a sintered body to result in a problem that pin holes are formed 
at the time of formation of a metalHzed layer. 
[0019] 

It is desirable that the contents of sulfur and calcium are 60 ppm or 
less and 180 ppm or less, respectively. 
[0020] 

Sulfur is mainly derived from an aluminum nitride raw material 
powder. Sulfur is supposedly derived from sulfiir component which exists 
in carbon added as a reducing agent at the time of producing an aluminum 
nitride powder by, for example, an alumina reducing nitridation method and 
remains in the raw material powder. Further, calcium is also a component 
mixed as an inevitable impurity and sulfur and calcium amounts can be 
suppressed by using a carbon with a little amount of sulfur at the time of 



synthesis of an aluminum nitride raw material powder or high purification 
treatment is carried out by refining treatment for a raw material powder. 
[0021] 

It is also required to use a powder so highly pure as to satisfy the 
content of sulfur and calcium in the above-mentioned range in the entire 
sintered body with regard to the above-mentioned sintering aid and other 
additive components. 
[0022] 

In the present invention, in order to produce a substrate having a 
metallized. layer, a sheet-like formed body is produced from a mixture of an 
aluminum nitride raw material powder with a sintering aid and other 
additive components as described above. The sheet-like formed body can be 
produced by preparing a slurry of the above-mentioned mixture and forming 
the slurry by a doctor blade method, a press forming method, or an extrusion 
forming method. 
[0023] 

Next, a metallization paste is applied to the obtained sheet-like 
formed body (a green sheet). The metalUzation paste mainly contains at 
least one kind of high melting point metals selected from W, Mo, and Ta and, 
in some cases, further contains Group IIIA components such as rare earth 
metals and actinides and Group IVA elements such as Ti, Zr and the Uke and 
also aluminum nitride, a component forming an insulating substrate and 
sintering aid components may be added. 
[0024] 

After being printed on the surface of the green sheet by a screen 
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printing method or the like or packed in through holes formed in the green 
sheet, the metallization paste is fired simultaneously with the green sheet. 
The simultaneous sintering is carried out at 1600 to 2000°C in nitrogen 
atmosphere, preferably in nitrogen-hydrogen mixed atmosphere. 
[0025] 

According to the present invention, the thickness of a rdetallized 
layer formed in such a manner described above is generally about 15 to 25 
jim and, owing to the effect of pin hole formation suppression by the present 
invention as described, even in the case that the metallized layer has a 
thickness as thin as 5 to 15 |-im, the metallized layer formed is provided with 
high reliability as a wiring layer. 
[0026] 

' The substrate obtained in such a manner may be further plated with 
a plating layer of Ni, Au or the like with a.thiclmess of 3 to 8 |im by 
electroplating or electroless plating method for the purpose of cairrying out 
welding metal fittings such as lead pins. 
[0027] 

Hereinafter, the present invention will be described by way of the 
following examples. 
[0028] 
[Examples] 

As aluminum nitride raw materiaJ powders, five types of raw 
materials shown in Table 1 obtained by an alumina reducing nitridation 
method were made ready. 
[0029] 
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[Table 1] 





' Average 
particle size 
(Hm) 


Oxygen 
content 
(wt.%) 


S content 
(ppm) 


Ca content 
(ppm) 


Other 
cationic 
impurities 
(ppm) 


Raw 
material A 


1.30 


0.85 


30 


50 

i 


90 


Raw 
material B 


1.46 


0.85 


40 


70 


61 


Raw 
material C 


1.50 


0.82 


55 


80 


62 


Raw 
material D 


1.49 


0.80 


65 


120 


65 


Raw 
material E 


1.43 


0.84 


110 


140 


61 


Raw 
material F 


1.57 


0.85 


135 


170 


75 


Raw 
material G 


1.55 


0.83 


130 


210 


89 



[0030] 



Slurries were prepared by adding Er203 or Y2O3 in ratios as shown 
in Table 2 to the respective raw materials shown in the Table 1 and further 
adding an acrylic binder as a binder and mixing the resulting mixtures by a 
ball mill using silicon nitride balls for 40 hours. Green sheets with a 
thickness of 0.5 mm were produced from the respective slurries by a doctor 
blade method. After that, a metallization paste containing 94.5% by weight 
of W, 5% by weight of AIN and 0.5% by weight of Er203 dispersed in dibutyl 
phthalate, a solvent, was printed, in place of circuit patterns, on 10 mm 
square of the surfaces of the green sheets in order to detect pin holes. 
[0031] 
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Tlie resvdtmg green sheets were subjected to treatment for removing 
the binder at 1000°C and simultaneously fired in atmosphere of 
nitrogen -hydrogen mixture of N2/H2 = 82 : 18 for 10 hours to produce 
aluminum nitride-based substrates having the metallized layers with a 
thiclmess of 10 |im. 
[0032] 

The contents of svdfar and calcium in sintered bodies were 
quantitatively measured by ICP atomic emission spectrometry for the 
respective substrates of the obtained aluminum nitride-based sintered 
bodies and the resxilts were shown in Table 2. Thermal conductivity of 
every aluminum nitride-based sintered body was measured by a laser flash 
method and shown also in Table 2 together. 

■! ■ ■ . 

[0033] 

With respect to the metallized layers of the obtained substrates, the 
numbers of pin holes in the respective metallized layers of 10 mm square 
were counted by a binocular microscope and shown in Table 2. 
[0034] 

Further, in order to investigate the adhesion strength of the 
respective metallized layers to the substrates, after a Ni plating with a 
thickness of 4 }im was formed to each metallized layer by an electroless 
plating method, a pin made of an Fe-Ni-Co alloy was welded by BAg-8 and 
then pulled vertically to measure the bonding strength of the metallized 
layer. The results are shown in Table 2. 
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[0036] 

As being made clear from the resvilts shown in Table 2, all of the 
samples Nos. 6, 7 and 9 in which the content of sulfur and calcium exceeded 
250 ppm in total in the sintered bodies were found having black dot-like 
precipitates on the surfaces and having many pin holes in their metallized 
layers. Sulfur and calcium were detected by analysis of the precipitates by 
EPMA (microanalyzer). 
[0037] 

Meanwhile, any of the samples within the scope of the present 

invention in which the total content of sxilfur and calcium was 250 ppm or 

less was found having remarkably decreased number of pin holes and 

especially those having the total content of sulfur and calcium 200 ppm or 
.1 ■ ■ . . 

less had the number of pin holes 20 or less and those having the total 

content 150 ppm or less scarcely had pin holes. Also, the bonding strength 

of the metallized layers of these samples was high and the thermal 

conductivity of the samples was also high. 

[0038] 

[Effect of the Invention] 

As described above in detail, according to an aluminum 
nitride-based substrate of the present invention, pin hole formation in a 
metallized layer and a plating layer due to black dots-Hke precipitates can 
be suppressed; therefore, a wiring layer made of the metallized layer can be 
provided with improved reliability and the metallized layer can be made 
thin and highly dense. 
[Brief Description of the Drawing] 
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Fig. 1 illustrates a structure of an aluminuni nitride-based substrate 
of the present invention. 
[Explanation of Symbols] 

1 aluminum nitride-based substrate 

2 aluminum nitride-based sintered body 

3 metallized layer 
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il'-^^< t h 1 m<0-m^iA-^z:^t L. JS^tCt oT 
{i. ^Si^TC^. T^f-y-f K7C^=3:fc'<?5i^m^3 
al^TC^-^. Ti. Zr^:i:'tfO;flKS^^4ajK7^5r 

:^^&Lcr>x'$>o. ^(=^z.mmt¥i:mA•ti>&» 
^hzti>x'^i>, 

C0024] C<73^^7-fX'<-;^Mi. ;^^"J-vep 

mmizx^. ^^u-yi^-h<o^m(,zmi^tL. hi> 

\Mii!^V-yi^-hl,zm!S.^tU-cXj\^t^-Mzym$ 
30 ix/^mic. ^V-yi^- hbb Uz^m^-^tll, m 
m^li. 1 6 0 0~2 0 0 O-CfiOM^^SK^*. 

[0025] itLtf . ±ia<7)J: d (c LT)B^$ 

ixi^i'y-i X/ico/l^ti— fiaicli 1 5 ~ 2 5 ;w m§S 
X-hi>if. *%B^(7)J: ^ (if>'^.-;U7)5Bfi£a:lfpS(IL7'>: 

x'h-ox Lis^t Lx^{m.^<7i:<^^xm?:mm- 
hztti^X'ifi,. 

[0 0 2 6] z<r)i:i,izLX.-i% (=tifim&izi±. S (i, 
40 tc. y-Ke>-^c^^A5-aWttf-SCli:Sr@«i:L 
T . -v^. trdmmm;>( -y J: 0 N i , A 

ti^X'^i, 

(0027] OT. ^^md:<o&iximti>. 

[002S] 

[mm]s.-(tT/irZ-^M.iwMm^^tLx. r/t-s-h 

[0029] 
50 [^1 ] 
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C xi m) 




s n 


C aC 
(ppn). 


^^1*5 (pPb) 




1.30 


0.8 5 


3 0 


5 0 


9 0 




1.46 


0.8 5 


4 0 


7 0 


8 1 




1.50 


0. B 2 


5 5 


8 0 


G 2 




1.49 


0.8 0 




1 2 0 


6 5 




1. 43 


0. 8 4 


1 1 0 


1 4 0 


6 1 




1.57 


0. 8 5 


1 3 5 


1 7 0 


7 5 




1. 5 5 


0.8 3 


1 3 0 


2 1 0 


8 9 



[0030] iirnKTimMzntx. e 03 
$ i'Azyu yiT-t \^xr9 y vy-x\im\. 

fiSt^^.hLT. W94. 5Sa%. A 1 N 5SS%. Er 
2 Oa 0. 5SS%-^^L, *IiX^>'rf-;U7 5^U— h 

.'^'-ViOftbOC. fy7^-/u^1^.ai-tl>/::;s^tci Cm 

[ 6 0 3 1] -^-LT. ^iXr 1 0 0 Q-Ctm^NV >':/- 
.^'4IML. Ns'/Ha =82:1 S cOM^^^vS'&^H^ 



20 



:t^i5it/:*;U>">Al:^,^La2tC^L/:!,^7t, 

X. im^m%izi.->x^ \Qv^vu^<ny^9v^xm^ 

[00 34] S^>tC. ^i?7>fX/ic:0S1R^OSr^Sr 
m^thfz^^^Z. :^^=7AXm\znVX^ ^IIS?>*y^ 
^StCct-?TNi^^y^r4>L<mJ^;SUcf^, Fe-Ni 
- C o -^'^/j^ 'S: tr ^ B A g - S J: o T n T>-(+(t 

[00 35] 
[^2] 



a?4 

No. 


A I N 
as 




sn 
(dpq) 


Can 
(ppa) 


5 \ Co 
<ppn) 


<@> 


(k8f) 


CW/nk) 


1 




Br.Oo 6 


18 


4S 


66 


0 


4.5 


1S2 


2 




Er,Q, 8 


25 


72 


57 


0 


4.7 


158 


3 


KMC 


EftOj 6 


34 


78 


HQ 


0 


4.0 


155 


4 




ErtOii 6 


42 


115 


157 


15 


3.5 


157 


5 




Er*0> 6 


73 


135 


208 


25 


3.3 


155 


* 6 




BrrOa 8 


90 


170 


260 


no 


0.2 


ISO 


« 7 


««G 




82 


ZOO 


282 


135 


0. 1 


151 


8 




y.o. 6 


26 


60 


86 


0 


4.5 


160 


» 9 


MMF 


YjOi 6 


85 


170 


255 




0.2 


165 


10 


©MA 


Er.O. fi 


20 


4i 


64 


0 


4.4 


15S 


n 




YiO, 8 


45 


110 


155 


10 


3.4 


155 
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[00 3 7] ZiUznLX. -!:t^t:^/\yi^^^<^0^ 
c^m^nmi'Zi^^ L . 1$tc S t C a crytMW 2 0 0 p p 



0 HOT. 1 5 0 P P ml;J.TV^lt^i:^m 
{00 3S] 
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